ABSTRACT: Maintaining the quality of water resources is of great importance for environmental preservation and the quality of life of consumers, and is one of the greatest challenges facing humanity today. Land-use for agriculture and animal farming significantly changes the biological, physical and chemical characteristics of natural systems. This study comprised monitoring of two subbasins located in the Mantiqueira Range region, from which water samples were collected on a monthly basis between June 2010 and May 2011 for analysis. Each subbasin has a distinct vegetation cover, one being predominantly covered by pastureland and the other being entirely covered by Atlantic Forest. The following water quality indicators were analyzed: turbidity, pH, electrical conductivity, total dissolved solids, dissolved oxygen, temperature, nitrate, phosphate, BOD, COD, total and fecal coliforms, and respective discharge measurement. The results showed that water quality degradation in both environments coincided with the local rainy season and was influenced by transport of organic material to watercourses by direct surface runoff. The high concentrations of fecal coliforms found affected the water quality, particularly in the rainy season, and are associated with agriculture and animal farming, the main economic activities in the region. The Atlantic Forest environment, however, had statistically better water quality over time in relation to the pastureland environment, due to the buffering it provides to direct surface runoff. 
INTRODUCTION
The Mantiqueira Range region boasts several headwaters that form important rivers in southern Minas Gerais state which in turn cater for a variety of local uses, including public water supply, irrigation and power generation, among others.
Maintaining the quality of local water resources deserves prior attention so that to ensure environmental preservation in southern Minas Gerais state for future generations. Understanding the dynamics of natural processes requires painstaking efforts and often relies on periodic monitoring over time, potentially taking years in some cases for research studies to produce conclusive results. Pereira et al. (2010) reported that environmental modeling absolutely requires understanding the hydrologic patterns of forested areas, referring in particular to Atlantic Forest in Mantiqueira Range region, as it has been gradually replaced by extensive low-bearing capacity pasture. Menezes et al. (2009) analyzed the hydrologic dynamics of two headwater areas with distinct vegetation covers in the Lavrinha Creek Watershed (LCW), in Mantiqueira Range region (MG), one under forest (Atlantic Forest) and the other under pasture. The authors concluded
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that land use in areas of headwater recharge influenced both the amount and the temporal dynamics of specific water flow, and also that these effects are minimized if effective maintenance of the vegetation cover is ensured, in particular under Atlantic Forest.
With that in mind, this study was aimed at monitoring the water quality of two subbasins located in Mantiqueira Range region, through monthly analysis of turbidity, pH, electrical conductivity, total dissolved solids, dissolved oxygen, temperature, nitrate, phosphate, BOD, COD, total and fecal coliforms and respective discharge. The pattern of watercourse quality was addressed according to the vegetation cover in each subbasin, one being under pasture and the other under forest (Atlantic Forest) landuses.
MATERIAL AND METHODS

Location and characteristics of the study sites
The study sites are enclosed in an experimental watershed known as Lavrinha Creek Watershed (LCW), which is located in the Mantiqueira Range region, close to the municipality of Bocaina de Minas -MG ( Figure  1 ). LCW has an area about 687 ha and an average slope of 35%. The local climate, under the Thornthwaite classification, is Hyperhumid A1, which means having a positive water balance throughout the year, while under the Köppen classification the climate is Cwb type, which means having mild, rainy summers and cold, dry winters (CARVALHO et al., 2008; SPAROVEK et al., 2007) . The dominant soils, according to Menezes et al. (2009) , are cambisol for the most part, litholic neosol and fluvic neosol.
The pasture landscape is predominantly native and has low-bearing capacity, but nonnative pasture areas are also present. The local population is mainly engaged in animal farming and family agriculture on small land plots. According to Scolforo et al. (2008) , the headwaters area of 
the Mantiqueira Range region sits in an area of seasonal semideciduous ombrophilous forest. Figure 2 illustrates the pattern of monthly precipitation during the monitoring period, according to dissolved oxygen (DO), temperature (T), nitrate (NO 3 ) phosphate (PO 4 ), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total coliforms (TC), fecal coliforms (FC), and monitoring of respective discharge, were conducted.
The indicators pH, dissolved oxygen, temperature, electrical conductivity, turbidity and total dissolved solids were analyzed in the field using a Consort® C535 multiparameter analyzer and a Digimed® DM-TU digital turbidity meter. For the 5-day BOD test at 20°C, dissolved oxygen was measured by titration. Nitrate and phosphate were determined using spectrophotometry (bench photometer). COD was determined using spectrophotometry by the closed-tube digestion method. The most probable number (MPN) of total and fecal coliforms was determined by the multiple-tube method (AMERICAN PUBLIC HEALTH ASSOCIATION -APHA, 1995) .
For determination of respective discharge (Q) in the Pasture Subbasin, a Parshall flume was used with instantaneous readings, while in the Forest Subbasin an automatic gauging station was used ( Figure 1 ). Tables 1 and 2 reveal higher concentrations of BOD and COD in the Pasture Subbasin, particularly during the local rainy season (Figure 2 ). This pattern was due to pasture being more prone to direct surface runoff and consequently to transfer of organic material into watercourses, thus demonstrating how important the Atlantic Forest is for the binomial surface hydrology and water quality.
RESULTS AND DISCUSSION
Results in
According to Baird (2002) , BOD is indirectly the amount of biodegradable organic matter that was consumed by aerobic microorganisms present in an aquatic system, constituting an important indicator of its pollution levels. Costa et al. (2006) , in an assessment of water quality in the Madureira/Lajeado Grande streams and its tributaries in Paraná state, found a significant relationship in which COD rises with increasing concentration of organic material in a watercourse.
NTU and EC values remained low (Tables 1 and 2 data sourced from an automatic weather station installed close to Forest Subbasin.
Monitoring of surface water quality
Hydrologic monitoring consisted of inspecting the quality of water generated in the subbasin exclusively occupied by Atlantic Forest (Forest Subbasin), and then comparing the results with data from the other subbasin, whose area is predominantly occupied by pastures despite the presence of some forest fragments in its headwaters (Figure 1 ). Despite the occurrence of forest fragments in the latter subbasin, it was characterized as pasture due to the predominant use in virtually the entirety of the river (Pasture Subbasin).
Samples were collected from a central point of cross sections of the relevant streams and subjected to in-situ and laboratory analysis.
In order to describe the pattern of rivers throughout various climate seasons, sampling was spaced over a oneyear period for each subbasin and covered the period from June 2010 to May 2011. Two samples were discarded due to some problems during monitoring and laboratory procedures, leaving a total of 10 samples in each study site.
Analysis of water quality indicators included turbidity (Nephelometric Turbidity Units -NTU), pH, electrical conductivity (EC), total dissolved solids (TDS), Pinto, L. C. et al. In both environments, pH remained close to 6, though in some periods it was close to 5 in the Pasture Subbasin. These results may be an indication that land use is affecting and somehow altering water pH in the respective water body. Low pH values both in forest and in pasture environments may be related to the decomposition of organic matter present in the areas, releasing organic acids into the rivers. Levels os pH give indications of water quality (surface water between 4 and 9), of the soil type through which the water flowed, while indicating the acidity or alkalinity of the solution (MATHEUS et al., 1995) .
NTU (Nephelometric turbidity unit); pH (potential hydrogen); EC (μS/cm); TDS (mg/L); DO (mg/L); T (ºC); NO 3 (mg/L); PO 4 (mg/L); BOD (mg/L); COD (mg/L); TC (MPN/100mL); FC (MPN/100mL); Q (L/s).
NO 3 and PO 4 concentrations remained low throughout the monitoring period (Tables 1 and 2 ) in both Subbasins. Low values for these indicators are thought to be due to lack of fertilizer use in the study site, as pastures are native and there is no other crop ahead of the sampling points. According to CONAMA Resolution 357/05, NO 3 concentrations less than 10 mg/L are not significant in terms of changing the water quality of a water body (CONAMA, 2005) .
Low TDS values were found in both situations of land use (Tables 1 and 2 ). CONAMA Resolution 357/05 describes that TDS concentrations less than 500 mg/L are indicative of preserved environments. It should be noted, however, that where the topography of a subbasin is associated with steep slopes and low-permeability soils, TDS concentrations should be measured more frequently, since these topographic characteristics do prompt a very quick runoff response in the occurrence of precipitation (CONAMA, 2005) .
According to bacteriological results, TC and FC concentrations are high in both situations of land use (Tables 1 and 2 ). Higher FC concentrations were found in the Pasture Subbasin, noting that the high concentrations of this indicator coincided with the months of high precipitation, in which both surface runoff and economic activity (agriculture and animal farming) contributed to the decline of water quality in the rivers. According to Merten and Minella (2002) , agricultural activities can pose a great risk to the quality of water sources if the management practices adopted overlook conservation principles, that way increasing the levels of fecal coliforms.
In a study assessing water quality in the LCW, Pinto et al. (2009) found that increasing levels of heattolerant coliforms and extensive animal farming, coupled with the poor technological level adopted in such activity, were determining factors in the water quality level.
In both subbasins, lower DO concentrations were recorded during the rainy season. That denotes a strong influence of direct surface runoff, carrying organic material into the drainage system and thus affecting water quality. Table 3 reveals higher DO values in the ForestSubbasin than in the Pasture Subbasin and also that these environments differed statistically according to the F-test at 5% probability. This pattern denotes the important role that the vegetation cover has, more specifically Atlantic Forest, in protecting watercourses, reducing the impact on water sources. According to Sperling (1996) , DO is of crucial importance to aerobic organisms, as they oxidize chemical compounds to obtain the energy required for life activities. Low DO concentrations are usually indicative of excessive discharge of organic matter with high concentrations of BOD (CETESB, 2008) .
Finally, it can be said that watercourse quality in the Mantiqueira range region is under the influence of the local economic activity, of the existing vegetation cover, and of the local rainfall regime, in connection with direct surface runoff. The effects of degradation on local water quality will only be alleviated through awareness of the local people as to the correct use of resources and as to the maintenance of local vegetation remnants. Means followed by the same letter in a row do not differ by the F-test at 5% probability.
CONCLUSIONS
The forest environment had better water quality results than the pastureland environment, due to the greater protection it provides to watercourses.
High concentrations of fecal coliforms affected the quality of watercourses during the periods of heavier precipitation and were associated with agricultural Pinto, L. C. et al.
activities. There was no statistically significant difference between the environments monitored regarding these parameters. DO was found to be statistically different between the two environments, with the Forest Subbasin having higher values over time.
